Comparison and critical evaluation of rehabilitation and home-based exercises for treating shoulder stiffness: Prospective, multicenter study with 148 cases  by Gleyze, P. et al.
OO
C
a
s
1
P
C
a
b
c
d
e
f
g
1
drthopaedics & Traumatology: Surgery & Research (2011) 97, S182—S194
Available online at
www.sciencedirect.com
RIGINAL ARTICLE
omparison and critical evaluation of rehabilitation
nd home-based exercises for treating shoulder
tiffness: Prospective, multicenter study with
48 cases
. Gleyzea,∗, T. Georgesb, P.-H. Flurinc, E. Laprellec, D. Katzd, P. Claverte,
. Charousset f, C. Lévigneg, the French Arthroscopy Society
Hôpital Albert-Schweitzer, 301, avenue d’Alsace, 68000 Colmar, France
ATOL, CHU, 54000 Nancy, France
Sports and orthopaedic surgery centre, 33700 Merignac, France
Clinique du Ter, 56270 Ploemeur, France
Strasbourg University Hospital, 67000 Strasbourg, France
Institut ostéoarticulaire Paris-Courcelles, 75008 Paris, France
Clinique du Parc, 69000 Lyon, France
Accepted: 7 September 2011
KEYWORDS
Stiff shoulder;
Treatment;
Rehabilitation;
Home program;
Pain management;
Adhesive capsulitis;
Frozen shoulder;
Complex regional
pain syndrome;
Protocol;
Summary
Introduction: The goal of this study was to evaluate the effectiveness of individual exercises
performed as classic rehabilitation or a home program on the clinical progression of patients
with shoulder stiffness. Based on this information, the secondary goal was to develop a new
rehabilitation protocol.
Patients and methods: This prospective, comparative series included 148 cases of shoulder stiff-
ness. There were three treatment groups: T1: classic rehabilitation performed below the pain
threshold (58 cases); T2: home program with provocation above the pain threshold (59 cases);
T3: home program supervised by a physical therapist (31 cases). The execution, pain level and
time spent doing each exercise were compiled for each work session — every day for the ﬁrst
6weeks, then every week up to 3months. Clinical (Constant score) and range of motion eval-
uations were performed at enrolment, week 6 and month 3.Changes were compared betweenPatient education
groups; correlation tests were used to analyse the effectiveness of each exercise during each
session.
Results: Other than physical therapy and balneotherapy, classic rehabilitation exercises had a
negative effect on clinical progression during the ﬁrst 3 to 5weeks (P < 0.05), but this did not
∗ Tel.: +33 3 89 23 09 90; fax: +33 3 89 29 05 94.
E-mail address: pascal.gleyze@orange.fr (P. Gleyze).
877-0568/$ – see front matter © 2011 Elsevier Masson SAS. All rights reserved.
oi:10.1016/j.otsr.2011.09.005
Comparison and evaluation of rehabilitation and home-based exercises for shoulder stiffness S183
hinder the occurrence of a slow, continuous clinical improvement (P < 0.05). Home programs
led to rapid functional progression with improvement directly related to the number of exer-
cises actually performed (P < 0.05), however, pain during the day increased and pain at night
decreased. Supervision by a physical therapist helped to optimize the home program, with the
same result at week 6, but a better result at month 3 (P < 0.05).
Conclusions: Based on the results of this study, a new treatment protocol for shoulder stiffness
was proposed that combines an intensive patient home program with a well-informed physical
therapist, who progressively adds classic rehabilitation techniques when they provide the best
treatment value for each exercise. Patient education is the key to treatment success.
Level of proof: Level III, control cases, prospective, comparative.
© 2011 Elsevier Masson SAS. All rights reserved.
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ing normal range of motion [23] (Appendix 1). TheIntroduction
Implementing a rehabilitation protocol requires that a series
of rehabilitation exercise sessions, which change and evolve
over time, be performed by a therapist and applied to a
patient.
Exercise choices, application methods and on-going
adaptation to the patient are components of an interac-
tive process that is difﬁcult to formalize because of the
multiple variables involved (pain, working time, patient
characteristics, etc.) [1]. Results are mainly determined by
the therapist’s expertise and the patient’s participation and
receptiveness [2].
Generic prescriptions are typically used, but these only
provide an outline of the protocol to follow. The details of
each session, thus true treatment implementation, cannot
be controlled, which explains the signiﬁcant variability in
the results reported with identical programs [3—6].
The treatment value of each rehabilitation exercise used
by our patients is not well understood and often seems to
be poorly mastered by the therapists responsible for patient
care [7,8].
The role of active patient participation in the treatment
during home programs is also poorly deﬁned, which makes
its impact on treatment difﬁcult to assess [3—7,9].
Treatment of shoulder stiffness is a textbook case involv-
ing the surgeon, therapist and patient in a treatment process
that is often drawn out, has uncertain results, and is directly
related to patient education and the rehabilitation per-
formed [2,10—12]. Much work has been performed on this
subject. The diverging conclusions reveal how difﬁcult it is
to formalize rehabilitation protocols for the treatment of
shoulder stiffness [13—18].
The goal of this study was to evaluate the impor-
tance of each rehabilitation and home program exercise,
along with the effect on the clinical progression of
stiff shoulders, to better deﬁne the rehabilitation con-
ditions for our patients, particularly the role of home
programs.
Based on this information, the goal was to propose a
clear, reproducible, traceable, standardized protocol for
the rehabilitation of stiff shoulders so that our treat-
ment prescriptions can be precise enough to ensure the
desired outcome and provide surgeons making decisions
about potential surgery with the knowledge that rehabili-
tation management has been optimized.atients and methods
his comparative, prospective multicentre study enrolled
48 patients with shoulder stiffness and involved surgeons,
ehabilitation physicians and physical therapists.
Inclusion criteria were a signiﬁcant reduction in passive
ange of motion (passive antepulsion below 150◦ vs 180◦,
assive external rotation below 40◦ vs 60◦ and reduction
n internal rotation) relative to the healthy, contralateral
ide. Clinical evaluation of passive range of motion was
erformed through standardized goniometer measurements
ith the scapula immobilized [12,19,20]. All patients with
houlder stiffness were enrolled, independent of the treat-
ent received before this study. Patients were excluded
f they had been operated on for shoulder stiffness,
ad degenerative bone diseases (non-anatomical reduction,
steoarthritis, internal ﬁxation), and had fractures less than
months old or non-consolidated fractures.
Three treatment populations (T1, T2, T3) were deﬁned:
population treated with classic rehabilitation below the
pain threshold [2]. T1 (58 cases): this was the refer-
ence treatment for the study. Classic rehabilitation below
the pain threshold was performed by a physical ther-
apist/massage therapist three to ﬁve times per week
for 6weeks to 5months and supervised by a rehabil-
itation physician or surgeon. Pain level on the Visual
Analogue Scale (VAS) had to be maintained below 6. The
exercises evaluated were scapular massage, neck-back
massage, overall passive mobilization, analytical passive
mobilization, Sohier joint centering method, scapulotho-
racic mobilization, assisted active mobilization, physical
therapy, balneotherapy and electrotherapy [21,22];
population treated through a home program. T2 (59 cases)
— home program only with provocation above the pain
threshold: The home program was not supervised. The
patient was told to go beyond the pain threshold (VAS > 6)
and asked to perform the most intense work possible
by 5 to 10mm steps through the day, until a ﬂex-
ible shoulder was obtained. This program was to be
followed for a minimum of 6 to 12weeks. The exer-
cises consisted of simple movements that were based
on activities of daily living with the goal of regain-exercises were named by the patients. These exer-
cises involved exercises to improve posture (‘‘Mirror’’),
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a decoaptation exercise (‘‘Cowboy’’), depressor mus-
cle work (‘‘Gymnast’’), assisted active self-mobilization
and antepulsion (lying and standing ‘‘Assisted elevation’’)
and internal rotation (‘‘Chicken’’) and external rotation
(‘‘Thumb’’);
T3 (31 cases): home program supervised by a physi-
cal therapist with provocation above the pain threshold
(VAS > 6) and recommendations for daily, progressive
home program identical to T2, but combined with one to
three sessions with a physical therapist for 6 to 12weeks
[2—23].
Each participating centre focused on using the treatment
pproach that they were most familiar with, without chang-
ng the typical implementation or patient instructions.
To evaluate the effect of each rehabilitation and home
rogram exercise on daytime pain, night-time pain, discom-
ort, morale, and passive range of motion, the patient was
onitored in three ways:
by the surgeon: the surgeon performed clinical and
radiological assessments at study enrolment, then after
6weeks and 3months of treatment. This assessment
included medical history, associated injuries, risk factors,
disease history and treatment methods before enrolment.
The clinical evaluation was performed with goniometer
measurements and the Constant Shoulder Score [24];
by the rehabilitation physician and/or physical therapist:
the feasibility (impossible, possible, easy), pain (severe,
average, slight), performance time (minutes) (Appendix
2) for each exercise were evaluated with a visual analogue
scale (0 to 10);
by the patient: during each classic rehabilitation ses-
sion, the patient used a Visual Analogue Scale to evaluate
his/her status that day based on daytime and night-time
pain (0: no pain; 10: worst possible pain), disability (0:
no disability; 10: worst possible disability) and morale
(0: lowest possible morale; 10: best possible morale).
Patients in the home program populations (T2, T3)
assessed the same subjective criteria as above and also
evaluated the feasibility, pain level and performance time
of each home program exercise using a Visual Analogue
Scale (Appendix 3).
The rehabilitation and home program evaluation sheets
ere ﬁlled out each day for the ﬁrst 6weeks, then each
eek during the next 6weeks for patients performing the
ome program only (T2) and each rehabilitation session for
atients participating in the classic rehabilitation program
T1). Patients in the supervised home program group (T3)
ere evaluated on all the criteria during each rehabilitation
ession.
An online database was developed so that each rehabil-
tation site could capture data online (Carl biostatisticTM).
tatistical analysis involved a comparison of the day-to-day
ubjective change in the pain, disability and morale cri-
eria, a comparison of the 6-week and 3-month Constant
cores and measurement of the range of motion (Anova, t-
est, Chi2, with P < 0.05 considered as signiﬁcant). The effect
f each exercise in the rehabilitation sessions and home
rogram on daytime pain, night-time pain, disability and
orale criteria, along with the clinical and range of motion
‘
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ollow-up were evaluated with simple regression tests or
ivariate correlations each day for the ﬁrst 6weeks, then
very week up to 3months (P < 0.05 considered as signiﬁ-
ant).
esults
he average age of the 148 patients enrolled, in this study,
as 50 years (range 18—67); women represented 57% of the
ases; the dominant side was affected in 65% of cases. The
tiffness appeared spontaneously in 56% of cases, with an
verage duration of 11months (range 5 to 23). No signiﬁcant
ifferences between the three populations were found on
he radiological follow-up criteria.
omparison of weekly progression in the three
opulations
linical progression based on the Constant score (Fig. 1)
howed a slow, continuous, relatively consistent change
p to the third month in the function of patients treated
ith the classic rehabilitation program (P < 0.05). Patients
sing the home program only had better and faster recovery
n their ﬁrst 6weeks (P < 0.05), but their progression then
ecame more erratic, even negative. The group using the
upervised home program had a better and more consistent
rogression during the ﬁrst 3months (P < 0.05).
Average passive antepulsion was 136◦ (range 63◦—172◦)
or the classic rehabilitation program, 147◦ (range 45◦—170◦)
or the home program and 155◦ (range 57◦—162◦) for the
upervised home program; at 3months, these values were
35◦ (range 45◦—175◦), 122◦ (range 51◦—175◦) and 155◦
range 65◦—170◦), respectively.
Daytime pain (Fig. 2) was quickly below ‘‘average’’ for
he three populations, although the home program only
roup had the most daytime pain and the supervised home
rogram group has the least. Night-time pain quickly dimin-
shed in the home program only group, then was at the
pper end of average (but not signiﬁcantly different) up
o the third month when the supervised home program
roup still had less pain at this point (P < 0.05) (Fig. 3).
eduction in the daily disability was not signiﬁcantly differ-
nt between the three populations except after 3months,
hen the supervised home program group had better results
P < 0.05) (Fig. 4). Weekly evaluation of the morale in the
hree populations did not reveal signiﬁcant differences
Fig. 5).
ffect of each exercise on weekly clinical
rogression during the ﬁrst 6weeks
valuation of the effect of each exercise on the follow-
p criteria allowed ‘‘useful’’ exercises to be deﬁned
s those having a signiﬁcantly positive impact (P < 0.05),
‘useless’’ exercises as those without a signiﬁcant effect
nd ‘‘deleterious’’ exercises as those having a signiﬁcant
egative effect (P < 0.05) on the corresponding follow-up
riteria.
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Figure 1 Comparison of changes in function using Constant score. Y-axis has Constant score (out of 100); x-axis is the week of
treatment.
Figure 2 Comparison of changes in daytime pain. Y-axis shows the pain intensity (10 is maximum pain); x-axis is the week of
treatment.
Figure 3 Comparison of changes in night-time pain. Y-axis shows the pain intensity (10 is maximum pain); x-axis is the week of
treatment.
Figure 4 Comparison of changes in disability. Y-axis shows the disability (10 is maximum disability); x-axis is the week of treatment.
S186 P. Gleyze et al.
F mora
E
A
p
e
i
s
s
n
t
ﬁ
w
w
A
n
(
s
t
a
t
i
a
m
s
p
f
(
c
E
E
i
t
E
d
n
t
p
a
h
w
a
d
t
E
A
b
i
o
C
(
F
uigure 5 Comparison of changes in morale. Y-axis shows the
ffect of classic rehabilitation exercises
nalytical passive mobilization had a negative effect on
ain and function up to the ﬁfth week, and then was
ffective in improving function. The Sohier joint center-
ng method had the same effect, but became effective
tarting in the fourth week. Neck-back massage had the
ame result as the Sohier method. Scapular massage had a
egative effect during the ﬁrst 3weeks and then was effec-
ive. Proprioceptive work had a negative effect during the
rst 3weeks. Electrotherapy had a negative effect the ﬁrst
eek, a neutral effect during the second week and then
as effective for the remainder of the sessions (P < 0.05).
ssisted active mobilization and muscle strengthening were
ot useful during the ﬁrst 3weeks, then became effective
P < 0.05). Scapulothoracic mobilization was useful (P < 0.05)
tarting in the third week; balneotherapy was useful in
he second week (P < 0.05); physical therapy was immedi-
tely useful (P < 0.05). All of the correlations for the group
reated with the classic rehabilitation program are given
n Fig. 6.
At week 6, clinical and goniometer assessments showed
negative effect of scapular massage, analytical passive
obilization (P < 0.05), and no effect of neck-back mas-
age, active mobilization and muscle strengthening. Overall
assive mobilization and scapulothoracic massage improved
orward ﬂexion (P < 0.05) and the overall function score
P < 0.05). The effect of the other techniques at 6weeks
ould not be evaluated.
E
F
f
igure 6 Effect of classic rehabilitation exercises on clinical pro
seful exercise (green).le (10 is maximum morale); x-axis is the week of treatment.
ffect of the home program exercises
xercises for shoulder lowering, decoaptation and balancing
mmediately had a signiﬁcant positive effect (P < 0.05), with
his effect being directly related to work time (P < 0.05).
levation exercises increased daytime pain (P < 0.05) in
irect relation with exercise time (P < 0.05) but reduced
ight-time pain starting in the second week (P < 0.05). Night-
ime and daytime pain had a separate proﬁle in the home
rogram only group. At week 6, clinical and goniometer
ssessments showed that all the home program exercises
ad a positive effect (P < 0.05) except for the decoaptation
ork (‘‘Cowboy’’), depressor muscle exercise (‘‘Gymnast’’)
nd external rotation (‘‘Thumb’’); these changes occurred
espite a negative effect of the elevation exercises beyond
he pain threshold (P < 0.05).
ffect of the supervised home program
dding supervision to the home program exercises led to
etter morale (P < 0.05) but did not have a greater positive
mpact in the ﬁrst 6weeks. However, a positive impact was
bserved at the third month on overall function based on the
onstant score (P < 0.05), pain and passive range of motion
P < 0.05).ffect of each exercise beyond the ﬁrst 6weeks
ollow-up using the Constant score allowed weekly function
rom the sixth week to the third month to be evaluated,
gression. Deleterious exercise (red); useless exercise (blue);
d ex
•
•
s
r
b
i
t
t
g
p
C
W
o
t
f
t
i
a
b
l
t
m
p
b
m
a
b
d
t
a
p
f
rComparison and evaluation of rehabilitation and home-base
which provided a better assessment of the overall effect
of the different protocols (Fig. 1). Analysis of correlations
between exercises and the day-to-day impact no longer had
any statistical signiﬁcance beyond the sixth week, because
of disparity between centres and signiﬁcant loss of data that
was not collected for patients who were less motivated to
do the home program.
Discussion
Studies evaluating the treatment potential of rehabilita-
tion and home program exercises are rare [4—6,9,11,17,25],
making it difﬁcult to prescribe speciﬁc protocol that would
result in reliable, appropriate, and optimal rehabilitation.
The treatment groups in this study had fairly similar
results based on the clinical and goniometry follow-up
at 6weeks and 3months, even though the exercises and
their implementation were different. Classic rehabilitation
techniques were on average not very effective, however
their beneﬁt was long-lasting although limited, which is
consistent with published data [4,6,9,17,26]. Home pro-
gram exercises led to a quick improvement, particularly in
night-time pain, but this improvement was inconsistent and
short-lived on most of the criteria after 6weeks. Super-
vision of this home program allowed the protocol to be
optimized and to reinforce the home program starting at
the sixth week, which is consistent with studies performed
on the complimentary nature of rehabilitation techniques
and home programs [4,5,25,27].
The intensity of the work performed in all the eleva-
tion movements with provocation above the pain threshold
explains the longer persistence of daytime pain in the home
program group, which was expected [5,7,11,28,29]. This
pain has a negative effect during the day the exercise was
performed but had a positive effect on function, pain and
passive recovery during the clinical and goniometer assess-
ments at week 6. This shows the validity of performing work
beyond the pain threshold, since it had a positive effect
on night-time pain and eventually function. This could be
attributed to fast recovery of the sliding planes and ﬂexibil-
ity [29,30], muscle strengthening [5,11,31,32,33] and the
virtuous circle of reduced pain brought on by functional
recovery, even if partial, which allows the shoulder to be
used in a more physiological manner [5,27,34,35].
The analysis of failures in this series was difﬁcult because
only a few weeks of follow-up were available. There were
no complications related to exercise implementation.
We believe that this study sheds light on the effectiveness
of each rehabilitation exercise for shoulder stiffness and
allows us to propose a practical, progressive rehabilitation
protocol, which still uses physical therapy and balneother-
apy [7,36], and mostly relies on the common assumption that
rehabilitation and home program exercises are complimen-
tary to each other [5,6,10,25,27,37,38] and the important
role played by patient education and patient involvement
[39].
Independent of previous care and when the rehabilitation
protocol starts, we propose the following:
• weeks 1 to 3: after patient education, the patient starts an
intensive home program and is allowed to go beyond the
D
T
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pain threshold within reason. These exercises are to be
split up and spread out during the day. A 5- to 10-minute-
long session every half-hour is considered a necessary
and sufﬁcient base, in most cases, if the exercises are
performed correctly. The patient is supervised by a knowl-
edgeable physical therapist, which is aware of when the
patient goes beyond his/her pain threshold. The role of
the physical therapist is that of a coach who supervises,
improves and optimizes the home program exercises while
adding in physical therapy and balneotherapy modalities
and potentially light massage to relieve pain;
weeks 3 to 6: the patient continues with the home pro-
gram while working with a massage therapist/physical
therapist who progressively introduces classic rehabilita-
tion exercises, starting with scapulothoracic mobilization,
then active mobilization and overall passive mobilization;
starting after 6weeks of treatment and provided that the
patient is actively contributing to his/her recovery, all of
the classic rehabilitation exercises can be used with the
patient.
We feel that this protocol can improve treatment of
houlder stiffness, although new clinical studies will be
equired to validate this approach. Giving the patient a
ooklet to record their work (exercises performed and work-
ng time) could be a useful tool to optimize and monitor
he work performed by the patient, and would complement
he analytical physical therapy treatment charts that sur-
eons require from physical therapists when treating their
atients.
onclusion
hen classic rehabilitation exercises are used in the context
f staying below the pain threshold, they have a nega-
ive effect during the ﬁrst weeks of treatment, except
or physical therapy and balneotherapy. Home programs
hat go beyond the pain threshold are quickly effective
n terms of night-time pain management; they are better
ccepted and allow for a faster recovery than classic reha-
ilitation programs during the ﬁrst weeks, but then have
imitations. Supervision of the home program by a physical
herapist optimizes the home program work and makes it
ore reproducible; classic rehabilitation exercises are then
rogressively introduced, which ensures better results.
A protocol such as the one proposed here, which com-
ines in a coordinated, progressive and complementary
anner the most effective classic rehabilitation techniques
nd home program exercises and lets the patient work
eyond his/her pain threshold should lead to better results
uring rehabilitation for shoulder stiffness. Monitoring of
he work performed by the patient can be formalized using
traceable medium, in addition to regular reports pre-
ared by the physical therapist, and provides surgeons with a
act-based, objective follow-up of the effectiveness of their
ehabilitation prescriptions.isclosure of interest
he authors declare that they have no conﬂicts of interest
oncerning this article.
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Appendix 3. Home program monitoring sheet
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